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doi:10.1016/j.jds.2012.03.015Abstract Background/purpose: Obvious craters are consistently found on roots when the
teeth move against the screws of a temporary anchorage device (TAD) in human studies. In
order to understand the dynamics of tissue reactions with this contact during orthodontic tooth
movement (OTM), an animal experiment was performed.
Methods: Two mongrel dogs were used. In the first animal, the teeth were moved towards the
screws for 12 weeks, and a 6-week healing period was used. In the second animal, loading was
continued for 18 weeks without a healing period.
Results: Screws in contact with a root during OTM remained stable. Damage to the roots was
indeed present as shallow dents, although this amount of damage was relatively small compared
to the width of the root. A few inflammatory cells were detected in the periodontal structures.
Once the force of the load was removed, there was little evidence of ongoing resorption.
Conclusions: A root moving towards a screw during OTM leads to crater-like damage. When time
was allowed for healing, a trace of labeled cementum was found to have repaired the root
surface, although a large portion of the concavity was filled in with alveolar bone, and the peri-
odontal ligament space remained constant. A root moving against a screw produced excessive
tipping. To avoid deviation from the predicted biomechanics and damage to the root, extra
caution should be used to ensure the best benefits for patients when TADs are used interdentally
for distalization of the dentition during orthodontic treatment.
Copyrightª 2012, Association for Dental Sciences of the Republic of China. Published by Elsevier
Taiwan LLC. All rights reserved.f Orthodontics, School of Dentistry, National Taiwan University, 1 Chang-Te Street, Taipei 100, Taiwan.
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euthanasia. In the first animal, 12 miniscrews were placedRecently, use of temporary anchorage devices (TADs) in
conventional orthodontic treatment has rapidly progressed
and has broadened the range of tooth movement.1e3 One
of the favored sites for placement of TADs is the interdental
space within the alveolar process due to the simplicity
of surgical placement and of the biomechanical design.4,5
In order to place miniscrews accurately and safely in the
dentoalveolar region, safe zones or bone maps are
provided, and surgical guides or stents have been devel-
oped.6e9 Besides the risk of damaging immediately adja-
cent roots, there are also higher failure rates of miniscrews
associated with root proximity or root contact.10e12 Even
when accurately placed interdentally, TADs may still acci-
dentally touch an adjacent root when teeth are moved
towards this anchorage device during distalization of the
entire dentition.13,14
There are several case reports and research articles
examining human teeth extracted after contacting TADs for
various periods of orthodontic traction. In an in vivo study,
human premolars showed granulation tissue at damage
sites created by moving the teeth towards the screws and
being in contact for 3 months.15 Irregular resorption of
lacunae without repair was obvious in roots that moved
against a screw until extraction, which was part of the
treatment plan. However, if root-screw contact was dis-
continued 2 months before extraction, cellular cementum
deposition filled the resorption craters. Studies from the
same group with a similar design but greater numbers of
premolars examined using scanning electron microscopy
showed that the resorption craters were filled with imma-
ture collagen fibers 4 weeks after termination of the
force.16 More organized fibers were noted when 8 weeks
were allowed for repair. In this type of experiment, obvious
craters were consistently found when a root moved against
a screw, and these were filled in with a layer of organic
fibers after resting for a few weeks. However, due to
ethical problems with human studies, other tissues associ-
ated with an extracted tooth cannot be obtained for
further examination. Therefore, a possible mechanism was
sought in the current animal study. Histological sections
containing areas in physical contact between a screw and
root were analyzed to detect damage and repair during
orthodontic tooth movement (OTM).
Materials and methods
In total, 20 titanium bone screws, 2 mm in diameter and
11 mm long (Leibinger, Freiburg, Germany), were implan-
ted into two mongrel dogs, aged 13 to 15 months with an
average weight of 10.25 kg. The first and second premolars
were extracted so that the miniscrews could be placed
a safe distance (1e2 mm) from the mesial roots of the third
premolars. Orthodontic appliances were placed on the third
premolars and canines after the screws had been inserted
for 3 weeks. NiTi coil springs (150 g) were loaded between
the canines and premolars with segmented 0.018 x 0.025-
inch stainless steel archwires. In the first animal, the
loading was for 12 weeks, with a 6-week healing period
allowed before the experiment ended. In the secondanimal, the loading was continued for 18 weeks until
at both the mesial and distal sides of the premolars and
distal sides of the canines in all four quadrants. The screws
on the distal sides of the premolars served as experimental
controls. In the other animal, eight miniscrews were placed
on the mesial sides of the premolars and distal sides of the
canines in all four quadrants.
At Week 3, under general and local anesthesia, an
11-mm long hole in the alveolar bone was drilled with
a 1.5-mm diameter pilot drill using a Stryker low-speed
handpiece with continuous normal saline irrigation without
flap surgery. The screws were manually inserted with
a screwdriver. A torque gauge manometer (Torque Gauge
model 6BTG, 0.4e6 kg$cm range; Tohnichi, Tokyo, Japan)
was used to measure both the maximal insertion and
removal torques during miniscrew insertion and also during
the sacrifice procedure.
All animals were subjected to sequential point labeling
with a subcutaneous injection of tetracycline (10 mg/kg) at
Week 6, alizarin complexone (20 mg/kg) at Week 9, xylenol
orange (60 mg/kg) at Week 12, oxytetracycline (10 mg/kg)
at Week 15, and calcein (5 mg/kg) at week 18. The housing,
care, and experimental protocols were in accordance with
guidelines of the Medical Institutional Animal Care and Use
Committee of National Taiwan University. Every 3 weeks
during the experiment, orthodontic forces were recali-
brated to 150 g of loading. Intraoral photos were taken, and
the mobility of the implants (with a range of mobility of
0, 0.5e1, or > 1 mm) was ascertained. After 21 weeks, the
animals were sacrificed with a perfusion of 4% para-
formaldehyde under deep general anesthesia. The skull
portion was cut longitudinally, and radiographs taken on
each side. Specimens of the mandible and maxilla were
prepared with an Osteo-Bed Bone Embedding Kit (Poly-
sciences, Warrington, PA, USA) according to the manufac-
turer’s recommendations. From the resin block, 200-mm
sections were obtained with Isomet (Buehler, Lake Bluff, IL,
USA) and then manually ground down to 30 mm to 50 mm
with a Presi Mecapol P320 (Grenoble, France). Sections
were examined with an Axiovert 200M microscope (Zeiss,
Oberkochen, Germany), and images were captured using
MetaMorph (Molecular Devices, Downingtown, PA, USA),
with filter sets for DAPI. After this image capture, sections
were further manually ground with sandpaper (of 1200 and
2500 grit) to 10 mm to 20 mm, and then 1% toluidine blue in
1% aqueous borax was used for staining. A SMZ 1500 dis-
secting microscope (Nikon, Tokyo, Japan) was used for the
gross view, and images were captured with Pixera view-
finder 3.0.1 (San Jose, CA, USA). Enlarged views were
observed under a Nikon E600 microscope at 100x and 200x
and captured with a Nikon 950 camera.
Results
Findings in the series of 12-week OTM and 6 weeks
of repair
At the end of 12 weeks of OTM, ligature wires were used to
hold the crown positions passively for 6 weeks to allow for
repair, if the roots of the teeth had contacted the
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necropsy, only three of eight screws were suspected of
having had physical contact with the roots of the canines or
premolars. Most of the screws remained stable throughout
the experiments. The histological findings were arranged in
a logical sequence according to the time frames of OTM
towards the screws.
Root approaching a screw at the periodontal
ligament
When an intact root approached a screw (Fig. 1), dense and
compacted fibrous tissues that exhibited some auto-
fluorescence were found at the surface of the screw facing
the approaching root. No actively resorbing cells were
found along the cementum. The condensed tissue some-
what resembled hyalinization and sterile necrosis of peri-
odontal tissues when heavy forces are applied during
orthodontic treatment.Figure 1 Sections from a root approaching the adjacent
screw without mobility at the end of experiment. (A) Good
bone to implant contact was noticed except at the corner
facing the root. When a screw was present in the periodontal
ligament (PDL) space, an intensive staining band of organic
fibers was evident at the screw surface. The insert shows some
light blue autofluorescent color without fluorophore labeling
on the packed fibers in the PDL space. (B) Enlarged view of the
densely packed fibers near the screw. Some capillaries were
present in the immediately adjacent PDL zone facing the root.
The root surface was still smooth without damages. Scale
bar Z 100 mm.Root damaged by a screw after contact
Different extents of damage, shallow irregular or deeper
and round, were found close to the screws (Figs. 2 and 3).
Interestingly, root damage was found more coronally to the
current positions of the screws, not at the immediate
position adjacent to the screws. This probably resulted
from crown tipping and extrusion over the screw during
OTM, which was then loosely secured by ligature wire
fixation. In the concavities of the damaged surface, no
active giant cells or resorbing lacunae were found (Fig. 2B).Figure 2 Sections of a screw with close contact to the root
without mobility at the end of experiment. (A) Damage to the
root surface, indicated between two arrows, was immediately
adjacent but more coronal to the screw hole. The concavity
was measured as 0.99 mm in length and 0.12 mm in depth.
Bone to implant contact was well preserved except a corner
facing the root. (B) Toluidine blue staining showed no inflam-
matory cell infiltration around the concavity of the root. Some
cementoid-like material with intense blue staining was noticed
on the root. (C) The same view as (B) showing the metabolic
labeling with multiple fluorophores. Green labeling from the
last injection with calcein green was more evident at the bone
facing the root concavity. Right corner insert: The incorpora-
tion of different fluorophores given sequentially 1e5 was
observed on the dentin near the pulp chamber reflecting the
labeling sequence. Scale bar Z 100 mm.
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was well observed on the dentin near the pulp chamber and
reflected successful labeling sequences (inset in Fig. 2C).
Bone labeling was found around the screws which reflectedFigure 3 Sections from a screw with close contact to root with <
blue staining showed that the concavity on the root was smooth and
arrows). There were no active giant cells on the root surface. Per
rophore labeling was detected in the same area. More intense calce
the concavity and cementum layer on the root surface (arrowheadactive remodeling of the alveolar bone. Most of the screw
holes were found to have good bone-to-implant contact.
When the root was damaged and allowed to heal for 6
weeks, most of the damaged sites were filled with bone1 mm mobility at the end of experiment. (A) and (B): Toluidine
matched the diameter of the screw (dashed line between two
iodontal ligament space was well preserved. (C) and (D): Fluo-
in green labeling was noticed both at the alveolar bone filling in
).
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labeled cementum (Fig. 3). This shows that repair of the
defect mainly came from bone regeneration with a little
cementum deposition 3 weeks before sacrifice on the root,
while the periodontal ligament (PDL) space was maintained.
In Fig. 3, the cutting plane caught the shape of the root
damage which perfectly matched the smooth circular
outline of the screw. This pattern of root damage seems to
differ from the resorption pattern of regular OTM, which
often gives an irregular and erosive type of surface, and
does not resemble inflammatory resorption seen with
a screw directly hitting a root during insertion. Therefore,
the main source of damage probably resulted from
mechanical scratching between the titanium alloy and root
structure, not from inflammatory resorptive cells.
Findings in the series of 18 weeks of OTM without
a repair phase
In order to determine the dynamics of ongoing damage,
orthodontic forces were continually applied for 18 weeks
throughout the experiment in the second series. Most of the
screws remained stable. Significant root damage but with
an irregular erosive pattern was found more coronally to
the actual contact between the screw and root (Fig. 4). At
higher magnification, dense connective tissues resembling
stretched fibers were found between the approximating
root and screw. Cells with dense pyknotic nuclei were
commonly seen in this vicinity. The root surface more
coronal to the actual contact was irregularly damaged.
Along this coronal surface, abundant multinucleated giant
cells and active round cells were present (Fig. 5AeC). This
damaged surface was longer but no deeper compared to
those defects found in the first series. It is likely that the
prolonged OTM forced the teeth against the screw and
caused crown tipping and extrusion. This changed theFigure 4 Sections of the root with actual screw contact without m
screw position relative to the root. Some irregular surface was fo
surface more apical to the contact (bottom direction) was smooth
tension side (left side of the panel) since the root moved towards th
was the alveolar bone on the tension side. (C) Area more coronalcontact site and led to a longer scratch wound of the root
surface. On the contrary, more apical to this contact point,
the root surface remained smooth, cells lining the root
surface were relatively flat, and the periodontal tissue
exhibited a normal pale staining pattern.Discussion
Our histological findings were quite distinct from those
studies with direct root contact upon miniscrew insertion,
as the latter commonly exhibits severe inflammation,
abundant resorptive cells on the adjacent root, deeper and
more-irregular root surfaces, and mobile miniscrews.12,17,18
In order to visualize the dynamics of tissue-screw interac-
tions during OTM, we had to determine whether physical
contact had taken place between the root and screw during
OTM in this experiment. Because of the shallow tongue base
and flat palatal plane of dogs, it is not possible to obtain
good periapicals to discern the proximity of the screw and
root during experiments, in contrast to such studies in
humans. In the first animal, the force was terminated when
the tipping of the teeth became excessive during the
experiment, even under the circumstance that contact was
not assured by intraoral observations. During specimen
processing, although radiographs of the half skull gave
a good image of the relationship between the screw and
teeth, the final evaluation between these two objects was
obtained during histological sectioning. To find the exact
contact between the root and screw during sectioning was
the most challenging aspect of this experiment. Missing by
a width of a saw blade did occur during sample preparation,
and only a small portion of sections gave valuable histo-
logical information.
Did orthodontic forces influence the stability of the TAD?
In this study based on a limited number of samples, fewobility at the end of experiment. (A) A global view to show the
und more coronal (top direction) to the actual contact. Root
. (B) Fluorophore labeling showed more calcein green at the
e screw. The green labeling around the screw was not as intense
to the contact showed irregular root surface.
Figure 5 Sections of the root with actual screw contact, a serial section of the specimen in Fig. 4. (A) and (B): Areas of 3 mm and
3.5 mm more coronal to the actual contact showed the irregular root surface being lined up with multi-nucleated giant cells
(arrows). In this PDL space, fibers and capillaries were running almost parallel to the root. (C) Active multi-nucleated cells on
resorptive lacuna were found in short distance (0.3 mm) from the actual contact, where, dense packed fibers were present. Some
small cells with intense staining were present. (D) Dense packed fibers and clusters of cells with irregular shape and intense blue
staining, which were pyknotic or apoptotic, were also obvious in the apical region immediate to this actual contact. The area more
apical to the contact shows regular pale staining of the PDL and smooth root surfaces (dotted outline). Scale bar Z 100 mm.
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mobility, tilting, or decrease in the removal torque of the
screws were noted when the values were compared to
other screws without loading in a previous study.12 There-
fore, the TADs were not affected by root contact during
OTM in our current preliminary study.
On the contrary, roots were damaged but only to
a limited extent. From this preliminary results, the degree
of dents, which were found to be 0.3 mm to 1.2 mm longand 0.04 mm to 0.3 mm deep, rarely led to serious
complications of weakening of the tooth structure. As to
the extent of damage, the width and depth might be
related to differences in stiffness and surface geometry of
the root composition and the titanium alloy, and the shear
force derived from orthodontic traction. Therefore, if there
was a sharper thread of the screw design intended for self-
drilling or the screw was made of stiffer material such as
stainless steel, a root contacting a stationary screw may
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current results.
Histological sections of roots with surrounding tissues
approaching the screws, actually touching the screws, and
leaving the screws, offered a dynamic view of tissue reac-
tions of a root under OTM heading toward a screw. There-
fore, even though based on a limited number of samples in
this pilot study, we were able to describe possible events at
the histological level.
Resorption of the alveolar bone was initiated and then
the root approached the screw, which indicated loss of
bone to implant contact at the place where the root was
very close to the screw. Further movement of the root
towards the screw led to compression of the PDL before
actual contact. Hyalinization, a form of sterile necrosis of
the PDL, occurred if the pressure persisted. This also led to
stretching of the surrounding fibers and generation of
densely stained packed fibers around the screw. Cells
subjected to high-amplitude mechanical forces in the
immediately adjacent area could not adapt, leading to
apoptosis and tissue destruction.19 Many clusters of
pyknotic (shrunken and dark) nuclei that had undergone
karorrhexis (fragmentation) and karyolysis (dissolution)
were observed.
Direct physical contact and further OTM generated
a scratch mark on the cementum and dentin layer due to
the different surface hardness values between the living
mineralized tissues and the alloy. Necrosis of the PDL or
exposure of the dentinal surface led to the arrival of
phagocytes and monocytes, and the differentiation of
multinucleated giant cells caused further resorption at the
root surface. Tipping or further movement of the root may
have caused the damage process to continue at a shallow
surface level until the OTM ceased.
Once the stimulation inducing clastogenesis was
stopped, resorption ceased, and repair began. The alveolar
bone quickly filled in the damaged sites, while the PDL
space remained constant. The root surface itself was also
repaired with cementum-like tissue within 2 to 3 weeks. We
detected no ankylosis, and neither did those studies using
human premolars prior to extraction. This might be related
to the small diameter of the miniscrews used. However,
possibilities of ankylosis of the root to the alveolar bone
cannot be ruled out. Some researchers mentioned that if
the affected area is large and deep (>4 mm2, or 20% of the
root surface), ankylosis can take place. Indeed, in a recent
article, two of 28 roots that were intentionally damaged
when inserting miniscrews showed spot ankylosis after 12
weeks of healing.
From this preliminary animal study, we concluded that
screws contacting a root during OTM remained stable.
However, damage to roots was indeed present with shallow
dents, although this extent of damage was relatively small
compared to the width of the root. A small number of
inflammatory cells were detected in the periodontal
structures. Moreover, once the force of the loading was
stopped, there was little evidence of continued resorption.
If time was allowed for healing, a trace of labeled
cementum could be found that had repaired the root
surface, although a large portion of the concavity was filled
in with alveolar bone and the PDL space remained
constant. However, excessive tipping of the tooth after theroot had contacted the screw was consistently observed.
Therefore, if changes in the predicted biomechanics occur
during orthodontic treatment with TADs, contact of a root
with the TAD should be considered, and a reasonable
decision should be made to ensure the best benefit for the
patient.Acknowledgments
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